Surface water of Lake Yunoko, a small eutrophic lake in central Japan, was bottled, enriched with glucose and/or mineral nutrients, and incubated for five days in the surface layer of that lake.
). Some investigators (KING, 1970; LANGE, 1971; KERR et al., 1973) supported KUENTZEL's theory, but others (SHAPIRO, 1970; VALLENTYNE et a!.,1970) opposed. More recently, the results of long-term experiments carried out in the Experimental Lakes Area, Canada, have shown the primary importance of mineral nutrients, especially phosphorus, to the eutrophication of lake FEE, 1973, 1974) .
Whatever the causes of eutrophication are, algae and bacteria are co-existing in aquatic environments, and thus they might have certain interactions in connection with various nutrients. Although much inf orma~ tion about the effect of nutrients on the growth and production of phytoplankton is accumulating, the investigations into the interaction between algae and bacteria are relatively few.
In this paper, we report the results of an enrichment experiment carried out in Lake Yunoko, a small eutrophic lake in montane area of central Japan.
Methods
Lake Yunoko (area, 33ha ; maximum depth, 12m; mean depth, 7.3m) with an altitude of 1, 478m is located in the Nikko National Park, central Japan. Table 2 , where it can be seen that the water was fairly rich in inorganic carbon and nitrogen, but poor in reactive phosphorus. Both total and viable heterotrophic bacteria were abundant, reflecting a eutrophic nature of the lake. Microscopic observation of the plankton revealed that the predominant phytoplankters were Asterionella, Fragilaria, Dinobryon, Cry ptomonas, and Rhodomonas, and the pre- Upon addition of glucose and/or mineral nutrients to the lake water, bacteria reacted rapidly as shown in Fig. 1 . Total bacteria increased significantly only in plot 4. Neither glucose nor minerals alone promoted conspicuously the growth of total bacteria.
A similar result was obtained for the heterotrophic bacteria. However, glucose or mineral nutrients alone promoted more intensively the growth of heterotrophic bacteria than that of total bacteria. In plot 3, a peak of heterotrophic bacteria appeared after one day of incubation (the number of bacteria at this peak was ten times larger than that at the start of the experiment), whereas, in plot 2, it appeared after four days. This delayed growth of heterotrophic bacteria in plot 2 is suggested to be due to the effect of promoted algal growth.
Above results indicate clearly that available organic carbon was the principal limiting factor for the growth of heterotrophic bacteria in the surface water of the lake, at least at the moment of sample collection. were added. Although no detailed observation on the phytoplankton composition was made in the course of incubation, the density of Asterionella increased fairly in plots 2 and 4 compared with plot 1 (control) . However, the major part of the increase in phytoplankton biomass in plot 4 seemed to be due to a significant increase of small green algae such as Scenedesmus, which was poor in the original water.
Sugar concentrations in the media enriched with glucose (plots 3 and 4) changed as shown in Fig. 3 , where it is apparent that glucose disappeared within two days in plot 4, while a large amount of it remained in plot 3 at the end of the experiment.
The remaining of glucose in plot 3 might be due to the lack of certain mineral nutrients, as will be described later. The changes in concentrations of inorganic nitrogen and phosphorus are given in Fig. 4 , from which the data on nitrite are omitted, because no appreciable amount of nitrite was detected in every plot.
Ammonium was not detectable in plots 1 and 3 during the whole course of incubation.
In the media enriched with ammonium (plots 2 and 4), however, it decreased more quickly in plot 4 than in plot 2. On the other hand, there was no significant decrease in the concentration of nitrate in plots 1, 2, and 4, whereas it was almost exhausted in the first two days in plot 3. These results exemplify that ammonium is more assimilable for microbes than nitrate. No significant decrease in phosphorus concentration was found in plots 2 and 4. In addition, the levels of phosphorus concentration in plots 1 and 3 were always low but detect, able at a concentration of about 14g/l. In this enrichment experiment, high levels of dissolved oxygen were kept in all plots ( Fig. 5) . Similarly, ample amounts of total carbon dioxide were present in all plots during the whole course of incubation (Fig. 5) . These facts might suggest that neither dissolved oxygen nor inorganic carbon was limiting to the growth of algae and bacteria in this study. TANAKA et al. (1974 TANAKA et al. ( , 1975 reported that the peak of heterotrophic bacteria was closely related to the peak of the algal activity to produce extracellular products, principally glycollate, in Lake Biwa.
The most interesting result obtained by our study was the finding that the growth of algae was more accelerated by the enrichment of both glucose and mineral nutrients than by that of mineral nutrients alone.
In this connection, KUENTZEL's theory can be suggestive.
With respect to our study, however, it is difficult to conclude Finally, it must be stressed that no matter how complicated the interrelations among organic matter, bacteria, and algae are, our data do not necessarily deny the primary importance of mineral nutrients to the eutrophication of aquatic environments.
Our data have only shown the fact that algal growth in short term can be stimulated by the supply of organic carbon. Eutrophication is a long-term phenomenon taking place in aquatic environments.
